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SUMMARY Eleven patients were studied and a total of 144 Wenckebach cycles in the AV node and 118
Wenckebach cycles in the His-Purkinje system were analysed to determine the incidence of typical and
atypical Wenckebach periodicity, with particular emphasis on one variant of atypical Wenckebach that
may simulate a Mobitz type II block. This pseudo-Mobitz II pattern was defined as a long Wenckebach
cycle in which, at least, the last three beats ofthe cycle show relatively constant PR intervals (variation of
no more than 0-02 s in surface leads and no more than 10 ms in His bundle electrograms) and in which
the PR interval immediately following the blocked beat is shorter than the PR interval before the block by
004 s or more. Atypical Wenckebach cycles were found to be more common than the typical variety at
both the AV node (67 %) and His-Purkinje system (69 %). The pseudo-Mobitz II pattern was seen in
19 per cent of atypical AV nodal Wenckebach periods and in 17 per cent of atypical His-Purkinje system
Wenckebach cycles. The need to discern a 'classical' Mobitz II block from a pseudo-Mobitz II
pattern, especially in the setting of an acute inferior myocardial infarction, is emphasised.

Two types of second degree atrioventricular block
(AV block) were originally described by Wencke-
bach (1899, 1906) and Hay (1906) from analysis of
the AC interval of the jugular pulse. After the
introduction of the electrocardiogram these were
classified by Mobitz (1924) as types I and II. Type I
AV block, also known as Mobitz type I or the
Wenckebach phenomenon, is defined as intermittent
failure of AV conduction preceded by progressive
lengthening of AV conduction times. Type II AV
block, also known as Mobitz type II block, is
characterised by intermittent failure of AV con-
duction which occurs unheralded and in which the
PR intervals remain constant before the dropped
beat. The clinical significance of the two types of
second degree AV block was first recognised by
Mobitz (1924) who suggested that type II block
might be the first step to Adams-Stokes attacks and
complete permanent dissociation. This was further
emphasised in recent years with the introduction of
intensive care and electrocardiographic monitoring
for acute myocardial infarction (Langendorf and
Pick, 1968; Rosen et al., 1970; Touboul et al., 1972).
In a previous study on the pathophysiology of
second degree AV block (El-Sherif et al., 1975) we
emphasised one variant of atypical Wenckebach
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periodicity which is frequently mislabelled as
Mobitz type II block. This variant which will be
referred to in this study as pseudo-Mobitz II block
represents records of long Wenckebach cycles in
which the last several conducted beats before the
blocked impulse showed no perceptible or a few
milliseconds increment of conduction delay. In two
recent systematic analyses of Wenckebach cycles in
the AV node (Denes et al., 1975; Friedman et al.,
1975) several variants of atypical Wenckebach
periodicity were described and the atypical arrange-
ment was found to be more common than the
typical one. However, the pseudo-Mobitz II
arrangement was not described.

In the present study we describe several patients
with second degree AV block localised either in the
AV node or His-Purkinje system, in which some of
their records displayed the pseudo-Mobitz II
arrangement. The ability to discern a 'classical'
Mobitz II pattern from a pseudo-Mobitz II
arrangement can have both electrophysiological and
clinical significance.

Subjects and methods

Eleven patients with second degree AV block
were studied some of whose tracings displayed the
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pseudo-Mobitz II arrangement. A pseudo-Mobitz
II arrangement in a standard electrocardiographic
lead was defined as follows: a long Wenckebach
cycle in which, at least, the last three beats of the
cycle show relatively 'constant' PR intervals (vari-
ation of no more than 0-02 s) and in which the PR
interval immediately following the blocked beat is
shorter than the PR interval before the blocked
impulse by 0 04 s, or more. In all patients a His
bundle electrogram was recorded using previously
described techniques (Scherlag et al., 1969). In
patients with second degree AV block secondary to
acute myocardial infarction His bundle recordings
were obtained during either the insertion or removal
of a temporary ventricular pacemaker. In the His
bundle electrogram, the AH interval was measured
from the first rapid deflection of the A wave to the
first rapid deflection of the His bundle potential and
was taken to represent AV nodal conduction time
(normal 50-120 ms) (Narula, 1973). The HV inter-
val was measured from the His bundle deflection to
the earliest ventricular activation recorded on either
the intracardiac electrogram or surface leads and
reflected His-Purkinje conduction time (normal
34 to 45 ms) (Narula, 1973). All available spon-

taneous periods of second degree AV block were

analysed for the presence of typical and atypical

Wenckebach periodicity, the latter including the
pseudo-Mobitz II arrangement. Records showing
significant sinus arrhythmia (variation of the PP or

AA intervals of more than 60 ms during a single
Wenckebach period) were excluded. Typical Wen-
ckebach periodicity (Wenckebach and Winterberg,
1927) was considered to be present when the record
showed: (1) the first PR interval of a cycle (AH
interval in AV nodal block and HV interval in His-
Purkinje block) was the shortest; (2) progressive
lengthening of the PR interval with the increment
between the first and second conducted beats being
the largest; (3) progressive decrease in the RR (VV)
intervals; (4) a pause produced by the non-conduc-
ted P wave equal to the difference between the last
PR (before the pause) and the first PR (after the
pause) subtracted from twice the PP interval.
Atypical Wenckebach period failed to meet one or

more criteria for typical Wenckebach periodicity.
A pseudo-Mobitz II arrangement in the His bundle
electrogram was defined as follows. A long Wencke-
bach cycle in which the last three beats of the cycle
showed relatively constant PR interval (variation in.
the AH or HV intervals of no more than 10 ms) and
in which the first PR interval following the blocked
beat was shorter than the last PR interval of the
preceding cycle by 40 or more ms.

Table 1 Clinical and electrocardiographic data

Case no. Age ECG findings Clinical diagnosis Digoxin Management Follow-up electrocardiogram

1 55 Old anteroseptal MI, CHD - Temporary pacemaker 1:1 AV conduction
recent inferior MI, 3 days later
BD-LBBB

2 63 Old anteroseptal MI, CHD - Temporary pacemaker 1:1 AV conduction
recent inferior MI, 48 hours later
BD-LBBB

3 61 Old anteroseptal MI, CHD - Temporary pacemaker 1:1 AV conduction
recent inferior MI, 5 days later
BD-LBBB

4 67 Spontaneous Wenckebach HHD - Permanent pacemaker 2:1 AV conduction
and 2:1 AV block 6 m later

5 62 Spontaneous Wenckebach No apparent - Permanent pacemaker 2:1 AV conduction
and 2:1 AV block, VPCs heart disease 9 m later

6 69 Wenckebach, 2:1 AV HHD + Quinidine 1°AV block
block, VPCs, PACs COPD, diabetes 6 m later

7 72 Old anteroseptal MI, CHD + Temporary followed RBBB, LAH, and
recent latero-posterior by permanent 2:1 AV conduction
MI, old RBBB + LAH pacemaker 6 m later

8 68 Recent anteroseptal MI, CHD - Temporary followed 1:1 AV conduction
acute RBBB + LAH by permanent 6 m later

pacemaker
9 67 Recent anterior MI, CHD - Temporary followed 1:1 AV conduction

acute RBBB by permanent 10 m later
pacemaker

10 69 Old RBBB + LAH, ASHD + Permanent pacemaker RBBB + LAH,
ST-T changes, junctional 2:1 AV conduction
ectopic beats 8 m later

11 58 Old RBBB + LAH, HHD + Permanent pacemaker Complete heart block with
VPCs, ST-T changes idioventricular pacemaker

MI, myocardial infarction; CHD, coronary heart disease; HHD, hypertensive heart disease; COPD, chronic obstructive pulmonary
disease; BD, bradycardia-dependent; LBBB, left bundle-branch block; RBBB, right bundle-branch block; LAH, left anterior hemiblock;
PACs, premature atrial contractions; VPCs, ventricular premature contractions; ASHD, arteriosclerotic heart disease.
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Table 2 Electrophysiological data

Case no. Site of second AH interval* (ms) HV interval* (ms) Largest increment of PR interval* (s)
degree AV block conduction delay (ms)

1 AVN 220 50 100 0-32
2 AVN 200 45 90 0 30
3 AVN 210 45 100 0 30
4 AVN 280 50 80 0-38
5 AVN 190 40 60 0-26
6 AVN 270 45 80 0-36
7 HPS 90 60 210 0-22
8 HPS 95 65 50 0-20
9 HPS 100 70 60 0-22

10 HPS 115 70 100 0-22
11 BPS 105 65 120 0-26

*Measured in the opening beat of a Wenckebach cycle.
AVN, AV node; HPS, His-Purkinje system.

Results Wenckebach cycles had right bundle-branch block
and in 4 of the 5 a left anterior hemiblock was

Clinical and electrocardiographic data of the 11 also present. Paroxysmal AV block was not docu-
patients studied are shown in Table 1 and the mented in any of the 11 patients during their initial
electrophysiological studies are summarised in hospital stay.
Table 2. The site of Wenckebach second degree AV A total of 144 Wenckebach cycles in the AV node
block was localised in the AV node in 6 patients and and 118 Wenckebach cycles in the His-Purkinje
in the His-Purkinje system distal to the site of His system was analysed. These were all spontaneous
bundle recording in 5. In 3 patients, AV nodal Wenckebach cycles and included both electro-
Wenckebach conduction was secondary to an acute cardiographic tracings and His bundle electro-
%diaphragmatic infarction. All 3 patients had evi- grams. Only 4:3 or longer Wenckebach periods
dence of an old anteroseptal infarction in the were analysed. Table 3A shows the number of typi-
electrocardiogram and they all showed a transient cal and atypical Wenckebach periods localised in the
bradycardia-dependent left bundle-branch block. In AV node and His-Purkinje system and Table 3B
these patients 1 :1 AV conduction was restored 3 to 5 illustrates the frequency of the different variants of
days from the onset of symptoms of acute myo- atypical Wenckebach periods including the pseudo-
cardial infarction. In 3 patients His-Purkinje Mobitz II arrangement. Atypical Wenckebach
Wenckebach conduction was seen in the setting of periods were more common than typical ones and
an acute myocardial infarction (anteroseptal in 2 and their incidence was approximately the same at both
latero-posterior in 1). All patients with AV nodal the AV node (67%) and the His-Purkinje system
Wenckebach conduction had normal intraventric- (69%). Periods greater than 5:4 were all atypical.
ular conduction (apart from the transient brady- There were 4 variants of atypical Wenckebach
,cardia-dependent bundle-branch block). On the period, the most frequent of which were periods
other hand, all 5 patients with His-Purkinje where the last increment increased from the pre-

Table 3 Typical and atypical Wenckebach periodicity

A. Frequency of typical and atypical Wenckebach
No. of periods Atypical Typical
(total) No. No.

(1) AVN Wenckebach 144 96 67 48 33
,(2) HPS Wenckebach 118 82 69 36 31

-B. Frequency of variants of atypical Wenckebach
Type of variants AVN Wenckebach HPS Wenckebach

No. of periods % No. of periods %o

(1) Last increment increases 42 44 38 46
(2) Last increment largest 16 17 14 17
-(3) Constant or decreasing PR intervals at least once 20 21 16 20
'(4) Constant PR intervals of last 3 or more beats 18 19 14 17

AVN, AV node; HPS, His-Purkinje system.
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vious increment. This applied for both AV nodal
and His-Purkinje atypical Wenckebach periods.
The pseudo-Mobitz II arrangement represented 19
per cent of atypical AV nodal Wenckebach periods
and 17 per cent ofatypical His-Purkinje Wenckebach
cycles. One noticeable difference between Wencke-
bach cycles including the pseudo-Mobitz II pattern
localised at the AV node and the His-Purkinje sys-

tem was the duration of the PR interval of the beat
immediately following the blocked impulse (i.e. the
opening beat of the cycle). In the 6 patients with AV
nodal Wenckebach conduction it ranged from 0 26-
0 38 s (average 0 32 s) while in 5 patients with His-
Purkinje Wenckebach conduction it was shorter
(0-20 to 0-26 s, with an average of 0 22 s). The
difference was statistically significant (P <0-01).
The relatively long PR interval of the opening beat
of AV nodal Wenckebach cycles was the result of
AV nodal conduction time (AH interval) remaining
significantly prolonged in the beat following the

long pause.

Illustrative recordings of pseudo-Mobitz II AV
block in the AV node and His-Purkinje system are

shown in Figs. 1-4.

Discussion

Since the time of Wenckebach, atypical Wencke-
bach periodicity was frequently noted (Campbell,
1943; Dressler and Swiller, 1958; Castillo et al.,
1971). In two recent systematic analyses of Wencke-
bach cycles in the AV node, atypical Wenckebach
periodicity was found to be more common than the
typical one (Denes et al., 1975; Friedman et al.,
1975). Our findings on AV nodal Wenckebach
cycles are in agreement with those studies. Further--
more, the present study shows that atypical Wencke-
bach periodicity in the His-Purkinje system is also
more common than the typical one. Though several
variants of atypical Wenckebach cycle were de-
scribed in the above two studies, the pseudo-
Mobitz II arrangement was not mentioned. The
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Fig. 1 Case 1, pseudo-Mobitz II block in the AV node. Recordings were obtained
from a 55-year-old man two days after the onset of an acute inferior wall
myocardial infarction. The 12-lead electrocardiogram shows an old anteroseptal
infarction and intraventricular conduction defect of the incomplete left bundle-branch
block pattern. Newly developedQ waves in leads II, III, and aVF are compatible
with an acute inferior wall infarction. The continuous rhythm strip at the bottom
shows 4 successive 3:2 Wenckebach cycles followed by a long 7:6 cycle. PR intervals
are listed in hundredths of a second. During the long Wenckebach cycle the main
increment ofAV conduction delay occurred between the first and second beats of the
cycles. The PR intervals remained almost constant (variation of 0-02 s or less) for
5 successive beats before the blocked P wave. This was followed by significant
shortening of the PR interval in the beat that immediately followed the blocked
impulse. This represents a pseudo-Mobitz II arrangement. Also note the presence of

varying degrees of bradycardia-dependent left bundle-branch block pattern in the
opening beats of the Wenckebach cycles that followed the longer pauses.
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Fig. 2 Case 1, His bundle electrogram obtained during the insertion of a temporary
ventricular pacemaker. Panel A shows a 3:2 AV nodal Wenckebach cycle. Note that
the PR interval of the opening beat of the Wenckebach cycle that followed the long
pause remained much prolonged. This was accountedfor by a long AH interval.
Panel B illustrates the last 3 beats of a long 6:5 Wenckebach cycle and shows
almost constant PR and AH intervals before the blocked P wave. After the blocked
impulse the AH interval shortened. This represents a pseudo-Mobitz II pattern.
Panel C illustrates another variant of atypical Wenckebach periodicity in which the
last increment is the largest. Panels A to C also show the bradycardia-dependent
left bundle-branch block. The change in intraventricular conduction was not accom-
panied by a change in the HV interval. A, V, and H, atrial, ventricular, and His
bundle deflections, respectively; Hbeg, His bundle electrogram. Time lines are set at
1 s intervals.

failure to recognise this variant of atypical Wencke-
bach has resulted in several experimental and
clinical reports suggesting that the AV node may
occasionally show a Mobitz II second degree AV
block (Rosen et al., 1971; Spear and Moore, 1971;
Yeh et al., 1972). Critical analysis of some of these
records shows that they actually represented a
pseudo-Mobitz II arrangement in which the last
conducted beats of a Wenckebach cycle before the
blocked impulse showed no perceptible or a few ms
increment of conduction delay, while the first con-
ducted beat subsequent to block showed significant
shortening of AV nodal conduction time. The mis-
conception probably stemmed from the fact that the
diagnosis of Mobitz II block was originally based on
the presence of constant PR intervals before the
dropped beat without emphasis on the necessity for
a constant PR interval in the beats immediately
preceding and immediately following the block
(Barold and Friedberg, 1974; El-Sherif et al., 1975).
However, as was recently pointed out (Barold
and Friedberg, 1974; El-Sherif et al., 1975),
in a 'classical' Mobitz II block, a short PR interval of
the first beat after the block may not represent a
genuine AV conduction but rather a fortuitous AV
junctional escape beat. Analysis of sufficiently long

rhythm strips usually helps to unravel these cases.
Similar to what was found in this study, some of the
previously published records showing pseudo-
Mobitz II arrangement in the AV node displayed
distinct prolongation of AV nodal conduction time
before as well as after the blocked impulse.
Although the present study illustrated the equally

common occurrence of atypical Wenckebach period-
icity at both the AV node and His-Purkinje system
and also emphasised the pseudo-Mobitz II arrange-
ment at both sites, it shed no light on the mechan-
ism(s) of the atypical Wenckebach cycle. In fact, the
mechanisms for the typical Wenckebach phenom-
enon in the AV node are not fully elucidated. Inter-
play of several factors was suggested including
decremental conduction and both electrotonic
prolongation and shortening of action potentials
(Schaffer and Depasquale, 1973). In a typical
Wenckebach periodicity, the second impulse of the
cycle suffers the largest increment of delay. This
was explained on the basis that this impulse en-
counters decremental conduction and prolongation
of the refractory period resulting from electrotonus
and temporal shift (Schaffer and Depasquale, 1973).
The mechanisms for atypical Wenckebach period-
icity in theAVnode are even more speculative. Spon-
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Fig. 3 Case 10, pseudo-Mobitz II block in the
His-Purkinje system. Recordings were obtained from a

69-year-old man with arteriosclerotic heart disease who
was ondigoxin for the last three years for congestive heart
failure. Four months before admission, the patient noticed
frequent episodes of dizzy spells. The 12-lead electro-
cardiogram showed right bundle-branch block, left axis
deviation, and inversion of T waves in praecordial leads
(panel A). A silent myocardial infarction was ruled out by
normal levels of serum enzymes and the absence of serial
changes in the QRS and ST-T complexes. The rhythm
strip in panel B shows 3:2 Wenckebach cycles. PR
intervals are also listed in hundredths of a second. Panel
C illustrates a pseudo-Mobitz II pattern. Note the
presence of almost constant PR intervals in the last
4 beats of a long Wenckebach cycle and significant
shortening of the PR interval after the blocked impulse.
X, premature junctional P wave.

taneous changes in the sympathetic and parasym-

pathetic tone (Katz and Pick, 1956) or slight sinus
arrhythmia in the presence of pronounced depres-
sion of AV nodal conduction have been invoked
(Spear and Moore, 1971). Inhomogeneous or

asynchronous and dissociated spread of the advanc-
ing wave front sometimes resulting in concealed AV
nodal re-entry has also been postulated to explain
the sudden prolongation of AV nodal conduction
time of the last beat before block (Denes et al., 1975).
As regards atypical Wenckebach cycles in the His-

Purkinje system, spontaneous variations in the
vagal tone are unlikely to be responsible in view of
the equivocal role of vagal impulses on conduction
in the His-Purkinje system. A mechanism invoking

inhomogeneous and dissociated spread of the
activation wave front is a more plausible explanation
for atypical Wenckebach cycles at both the AV node
and His-Purkinje system. This mechanism finds
support from in vitro observations in the AV node
(Watanabe and Dreifus, 1965) and depressed His-
Purkinje system (Cranefield et al., 1971; El-Sherif
et al., 1975).
The ability to discern a pseudo-Mobitz II

arrangement from a 'classical' Mobitz II block is
particularly relevant in the setting of an acute
myocardial infarction. Though a pseudo-Mobitz II
arrangement can occur at both the AV node and
His-Purkinje system, there are usually sufficient
differences in the standard electrocardiogram to
allow accurate localisation of the site of lesion.
Besides the regular association ofAV nodal pseudo-
Mobitz II block with an acute inferior rather than an
anterior myocardial infarction, normal intraven-
tricular conduction is usually present. However, a
transient bradycardia-dependent left bundle-branch
block can occur as was recently emphasised (Lie et
al., 1974). On the other hand, a pseudo-Mobitz II
block in the His-Purkinje system is seen in the set-
ting of an acute anterior infarction and is consist-
ently associated with right bundle-branch block and
often left anterior hemiblock. A significant electro-
cardiographic difference between a pseudo-Mobitz
II arrangement in the AV node and His-Purkinje
system is the length of the PR interval in the
opening beat of the Wenckebach cycle. In AV nodal
block it usually remains very prolonged (0-26 to
0-38 s, with an average of 0-32 s). On the other hand,
it is usually less than 026 s in pseudo-Mobitz II
block in the His-Purkinje system.

In all cases in which a pseudo-Mobitz II arrange-
ment was observed in the electrocardiogram,
analysis of other records disclosed typical Wencke-
bach periodicity and/or other variants of atypical
Wenckebach cycle. Thus, in the setting of an acute
myocardial infarction especially of the inferior wall,
the pseudo-Mobitz II pattern should not create
undue concern of a high risk of paroxysmal AV
block that is usually associated with the 'classical'
Mobitz II block (El-Sherif et al., 1975). In the
present study patients with acute inferior wall
infarction and a pseudo-Mobitz II block showed no
evidence of paroxysmal block and 1:1 AV conduc-
tion returned within 3 to 5 days from the onset of
infarction. Thus, the indication for a temporary
pacemaker in this group of patients should not be
any different from other patients with acute inferior
wall infarction who develop second degree AV
block of the Wenckebach type (Tans and Lie, 1976).
Furthermore, a permanent pacemaker is usually not
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Fig. 4 Case 10, His bundle electrograms that correspond to the two ryhthm strips
in Fig. 3, panels B and C. Panel A shows a 3:2 Wenckebach conduction in the
His-Purkinje system distal to the site of His bundle recording. Panel B illustrates
the last three beats of a long 7:6 Wenckebach cycle. Note the presence of much
prolonged but constant HV intervals before block distal to the His bundle deflection.
The HV interval shortened in the beat immediately after the blocked impulse.
This represents a pseudo-Mobitz II pattern. A, V, and H, atrial, ventricular, and
His bundle deflections; HRAeg, high right atrial electrogram; Hbleg and Hb2eg,
two His bundle electrograms. Time lines are set at 1 s intervals.

indicated since the conduction abnormality is
frequently transient.

In a recent review of the pathophysiology of
second degree and paroxysmal AV block the con-
ventional classification of second degree AV block
into Mobitz II and Wenckebach types was criticised
(El-Sherif et al., 1975). However, we suggested that
the use of the conventional classification by clini-
cians should not be discouraged until a more com-
plete formulation of the pathophysiology and
clinical history of AV conduction disorders is
available, whenmore evidence has been accumulated.
In the meantime, both clinicians and electrophysi-
ologists should be aware of some of the inherent
limitations in using the terms Mobitz II and
Wenckebach type blocks.
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